Neurexins and neuroligins form trans-synaptic complexes that promote synapse development. In this issue of Neuron, Aricescu and colleagues (Elegheert et al., 2017) complement and strengthen two recent reports by the Kim and Rudenko teams (Kim et al., 2017; Gangwar et al., 2017) to dissect the molecular determinants by which MDGAs challenge the neurexin-neuroligin partnership.
To assemble functional connections, neurons must bind to one another through specific adhesion proteins tethered to pre-and post-synaptic membranes. Among the various synaptic organizers described so far, the neurexin (NRX)-neuroligin (NLG) partnership has been widely studied, due to a variety of roles played in synapse differentiation and function, and because of a link between mutations in their genes and autism spectrum disorders (ASD). Moreover, the existence of several isoforms and potentiality for many splicing variants with precise recognition selectivity offer a wide repertoire of interactions to underlie synaptic specificity (S€ udhof, 2008) .
The NLGs and the long (a) and short (b) NRXs are membrane-linked proteins whose ectodomains interact with each other with high affinity (K D values in the 10 À8 -10 À5 M range for NRXb1 with order NLG1 > NLG4 > NLG3 >> NLG2). Crystal structures of several NRXb1-NLG complexes were published a decade ago, revealing Ca 2+ -coordinated binding interfaces between the laminin-neurexin sex hormone domains 6 (LNS6) of two NRXb1 monomers and each of the two subunits of the NLG constitutive dimer (see Leone et al., 2010 and references therein) . These structures revealed the positions of two NLG and one NRX splice inserts and several ASD-linked mutations and provided clues as to how membranetethered NRXs and NLGs bridge the pre-and post-synaptic membranes. Since then, several other extracellular binding partners of NRXs and NLGs have been reported, raising the question of how neurons differentially modulate these interactions at individual synapses.
Recently, the MAM domain-containing GPI-anchored (MDGA) proteins were found to play an important role in this scheme. MDGAs come as two major, highly similar isoforms: MDGA1 and MDGA2, comprising (from the N to C termini) six immunoglobulin-like domains (Ig1-6); a fibronectin type III domain (FnIII); a memprin, A5, mu (MAM) domain; and a glycosylphosphatidylinositol (GPI) anchor to the plasma membrane. In cultured neurons and cell lines, MDGA1 specifically binds NLG2, presumably in a cis configuration, and competitively with the NRX1-NLG2 trans interaction, and suppresses NLG-induced inhibitory synapse development (Lee et al., 2013; Pettem et al., 2013) . Conversely, MDGA2 binds both NLG1 and NLG2 but selectively inhibits excitatory synapse development (Connor et al., 2016) . However, identification of MDGA1 and MDGA2 in the excitatory and inhibitory synaptic cleft proteomes, respectively, challenged this model (Loh et al., 2016) . Interestingly, mutations in MDGAs have been found in patients suffering from schizophrenia and ASD, two pathologies usually associated with an imbalance in the excitation/inhibition ratio. Molecular dissection of the MDGA1 ectodomain by mutagenesis led to identify its Ig1-Ig2-Ig3 modules as mandatory to inhibit NRX binding to NLG2 and reduce the synaptogenic function of NLG2 (Lee et al., 2013; Pettem et al., 2013) . However, the precise molecular determinants and competition mechanisms involved in the NLG partnership with NRX versus MDGA were still to be documented.
Three convergent studies published in Neuron shed light on this alternative NLG partnership and its functional outcomes. The first two reports, by the Kim and Rudenko teams, respectively, describe crystalline complexes of the MDGA1 Ig1-Ig2 tandem or Ig1-Ig2-Ig3 triplet with the NLG2 ectodomain (Gangwar et al., 2017; Kim et al., 2017) . The rigid Ig1-Ig2 module is critical to mediate MDGA1 binding to NLG2. Unexpectedly, the two Ig domains bind on same side of the long axis of the NLG2 dimer, with Ig1 on the first NLG2 subunit and Ig2 on the second subunit, thereby tying up the dimer by two lateral MDGA1 clamps (Figure 1 ). This may be a first insight into why NLGs have to form dimers to be functional. Structural alignment of either complex with the NRXb1-NLG1 complex (no structure of an NRX-NLG2 complex is available) shows that Ig1 binds NLG2 at the exact same place as NRXb1 does relative to NLG1, thus supporting binding competition between the two NLG partners. In contrast, Ig3 sticks out of the NLG2 dimer surface and does not contribute major interaction to the complex.
The third report, by the Aricescu team, describes crystalline structures of the entire MDGA1 ectodomain alone and bound to NLG1 (devoid of splice inserts A and B) along with a comprehensive series of biochemistry and cell biology data (Elegheert et al., 2017) . In both the unbound and NLG1-bound MDGA1, the sharp-angled linkers connecting Ig2 to Ig3, Ig4 to Ig5, and Ig6 to FnIII constrain the long MDG1 ectodomain into a compact triangular arrangement locked up by intramolecular interactions between Ig1 and FnIII. The C-terminal MAM domain is not visible, suggesting that its linkage to FnIII is highly flexible. In the MDGA1-NLG1 complex, two of these triangular assemblies are symmetrically apposed on the sides of the NLG1 dimer with, again, their rigid Ig1-Ig2 modules bridging binding interfaces located on each of the two NLG1 subunits. Similarly as for the NLG2 complexes, the binding interface for Ig1 at the NLG1 surface largely overlaps with the NRXb1 binding site and involves a common set of NLG1 residues and molecular interactions, consistent with MDGA1 hindering NRXb1-NLG1 binding. The other Ig domains protrude over the dimer and do not interact with NLG1 but, instead, might be suitably presented for interaction with other partners in the synaptic cleft. Importantly, the C termini of NLG1 and MDGA1 point toward the same direction, strengthening the proposal of a cis-interaction between their post-synaptically anchored ectodomains.
Binding data recorded using a panel of MDGA, NLG, and NRX domains, including isoforms, mutants, and splice variants, provide functional validation of the structural interpretations. The somehow divergent K D values may reflect the use of distinctive protein species, constructs, and biophysical approaches. Yet, all studies demonstrate that MDGA1 and NRX binding to NLG1/2 are mutually exclusive. However, one study reports a MDGA1 to NLG2 binding affinity 10-fold higher than the affinity of NRXb1 (devoid of splice insert 4) for NLG1/2 (Kim et al., 2017) , while another study reports nearly identical affinities (Elegheert et al., 2017) , thus raising a question as to how strong a competitor MDGA is, relative to NRX. Regarding NLG isoforms, MDGA1/2 bind to NLG3/4/5 with 10-fold lower affinity compared to NLG1/2. The presence of NLG1 splice insert B near the Ig1 binding area decreases the MDGA1/2 affinity by $10-fold, while the more distant splice insert A does not affect MDGA1 binding (Elegheert et al., 2017) , as observed earlier for NRXb1 binding. Substituting selected residues in the Ig1/NRXb1 binding site of NLG1/2 reduces or abolishes both MDGA1 and NRXb1 binding, while substituting residues in the Ig2 binding site affects MDGA1 binding only (Gangwar et al., 2017; Kim et al., 2017; Elegheert et al., 2017) . Interestingly, substitution R451C found in the dimerization domain of NLG3 in ASD patients (position R450 in NLG1) lies within the Ig2 binding site. Introducing this substitution in NLG1/3 abolishes MDGA1/2 binding but does not affect NRXb1 binding. These data suggest a gain of function for the NLG3 variant, which, by escaping MDGA regulation, would bind NRXs better and recruit synaptic terminals.
To complement these in vitro binding data, pull-down experiments were performed using full-length Fc-tagged NLGs or MDGAs as baits. NLG1-Fc and NLG2-Fc can capture both MDGA1/2 isoforms expressed in HEK cells, while native MDGA1 from brain membrane binds NLG2-Fc, but not NLG1-Fc (Kim et al., 2017) . Moreover, pull-down of synaptosome extracts by MDGA1-Fc followed by proteomic analysis identified (in this order) NLG3, NLG2, and NLG1, while MDGA2-Fc pulled NLG2 and NLG3, but no NLG1 nor NLG4 (Elegheert et al., 2017) . Thus, compared to the simplified in vitro situation, additional mechanism(s) or interacting partner(s) may be required to regulate binding selectivity between MDGAs and NLGs in neurons.
Finally, the effects of MDGAs on NLG-induced synapse differentiation in a co-culture assay were examined. Co-expressing MDGA1 in heterologous cells selectively blocks synapse induction by NLG2 (not NLG1), while MDGA2 suppresses the synaptogenic function of both NLG1/2 (Connor et al., 2016; Pettem et al., 2013) . Substituting the critical residues at the MDGA1-NLG2 binding interface fully rescues normal NLG2-induced synapse formation, most likely through restored NRX binding (Kim et al., 2017) . However, these effects appear to depend on the relative expression levels of MDGAs and NLGs. Indeed, while MDGA1/2 potently block NLG2-induced recruitment of synaptic terminals, a higher ratio of MDGA1 versus MDGA2 is necessary to block NLG1-induced synaptic differentiation (Elegheert et al., 2017 (Giannone et al., 2013) ? (4) A latest issue concerns the physiological mechanisms that control the surface levels of MDGA1/2 in neurons. Those must rely on a combination of local translation, vesicular trafficking, and degradation processes that might all be regulated by synaptic activity.
Efforts to combine complementary approaches, including new probes targeting MDGA proteins and their RNAs, singlemolecule imaging, and electrophysiology in brain tissue, should shed further light on how MDGAs act spatially and temporally, in both physiological and ASD-linked contexts.
The impact of dentate mossy cells on hippocampal activity remained uncertain despite a long history of investigation. In this issue of Neuron, Hashimotodani et al. (2017) discover a presynaptically expressed form of long-term potentiation at mossy cell outputs, shedding light on their mysterious function.
A proudly nerdy yet refreshing interpretation of the well-known maxim by the Syrian Publilius, ''A rolling stone gathers no moss,'' refers to those who keep on advancing and are not bogged down by old ideas. Whether one sees the growth of moss as desirable or not, mossy cells in the hilus of the dentate gyrus within the hippocampal formation, named after the moss-like ''thorny excrescences'' that cover their somata and dendrites, certainly kept scientists in a frustrated state of prolonged stagnation for a long time. Presenting themselves as enticing but ever-elusive targets for neuroscientists, mossy cells advertised their uniqueness like neuronal peacocks with abandon in numerous ways, including their highly unusual input-output connectivity properties and selective vulnerability in response to a number of insults, such as seizures and concussion. However, the functional properties of the enigmatic mossy cells (Scharfman, 2016) remained poorly understood until the beginning of the current year when three simultaneous papers reported their (need we say?) unusual properties in behaving animals (Danielson et al., 2017; GoodSmith et al., 2017; Senzai and Buzsá ki, 2017) , as explained below. In this issue of Neuron, an important study by Hashimotodani et al. (2017) joins the veritable annus mirabilis for mossy cells by revealing a novel form of long-term potentiation (LTP) at selective mossy cell outputs.
Mossy cells are the only excitatory cell type in the hippocampus that can be considered a type of ''feedback interneuron'' ( Figure 1A) . They are large neurons present in much fewer numbers than the small but populous dentate granule cells. Single mossy cells receive highly convergent inputs from the aptly named mossy fibers, which are the axons of dentate gyrus granule cells. In turn, mossy cells form massively divergent output synapses onto tens of thousands of postsynaptic granule cells (in addition to interneurons) along the long axis of the hippocampal formation bilaterally, giving rise to the associational-commissural pathway of the dentate gyrus. Most mossy cells do not respond directly to feedforward afferents from entorhinal cortex, and they do not project outside of the dentate gyrus. Rather, they are primarily excited by feedback from dentate granule cells and CA3 pyramidal cells and only project to the ipsilateral and contralateral dentate (Scharfman, 2016) . Thus, their impact on downstream hippocampal function must first be filtered and relayed by granule cells. Importantly, mossy cells form output synapses within the inner molecular layer on the numerically dominant granule cell dendrites as well as those rarer dendrites that belong to GABAergic interneurons. Because activation of mossy cells results in both monosynaptic excitation and disynaptic inhibition of granule cells, the precise balance of excitation and inhibition recruited by mossy cells will critically determine their functional role in hippocampal processing. However, investigators have not reached consensus regarding whether the net effect of mossy cells on the dentate circuit is excitatory or inhibitory (Jinde et al., 2012; Ratzliff et al., 2004; Scharfman, 2016) .
Modern methods now enable selective expression of sensors and effectors
